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Abstract
Background: Birth defects are a leading cause of neonatal and infant mortality in Italy, however little is known of the
etiology of most defects. Improvements in diagnosis have revealed increasing numbers of clinically insignificant defects,
while improvements in treatment have increased the survival of those with more serious and complex defects. For
etiological studies, prevention, and management, it is important to have population-based monitoring which provides
reliable data on the prevalence at birth of such defects.
Methods: We recently initiated population-based birth defect monitoring in the Provinces of Mantova, Sondrio and
Varese of the Region of Lombardy, northern Italy, and report data for the first year of operation (1999). The registry
uses all-electronic source files (hospital discharge files, death certificates, regional health files, and pathology reports) and
a proven case-generation methodology, which is described.
The data were checked manually by consulting clinical records in hospitals. Completeness was checked against birth
certificates by capture-recapture. Data on cases were coded according to the four-digit malformation codes of the
International Classification of Diseases, Ninth Revision (ICD-9). We present data only on selected defects.
Results: We found 246 selected birth defects in 12,008 live births in 1999, 148 among boys and 98 among girls.
Congenital heart defects (particularly septal defects) were the most common (90.8/10,000), followed by defects of the
genitourinary tract (34.1/10, 000) (particularly hypospadias in boys), digestive system (23.3/10,000) and central nervous
system (14.9/10,000), orofacial clefts (10.8/10,000) and Down syndrome (8.3/10,000). Completeness was satisfactory:
analysis of birth certificates resulted in the addition of two birth defect cases to the registry.
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Population Health Metrics 2007, 5:4 http://www.pophealthmetrics.com/content/5/1/4Conclusion: This is the first population-based analysis on selected major birth defects in the Region. The high birth
prevalences for septal heart defect and hypospadias are probably due to the inclusion of minor defects and lack of coding
standardization; the latter problem also seems important for other defects. However the data produced are useful for
estimating the demands made on the health system by babies with birth defects.
Background
Birth defects are relatively common, affecting 3% to 5% of
live-births in the United States [1] and 2.1% in Europe [2].
For more than two decades, birth defects have been the
leading cause of infant mortality in the US [3]. Birth
defects are also the leading cause of infant mortality in the
Region of Lombardy, northern Italy. In 1998, 2800
infants in the Region of Lombardy died in the first year of
life; of these 852 had birth defects (16/10,000) [4]. The
morbidity and disability experienced by surviving chil-
dren also has a major public health impact.
Around 40% to 60% of birth defects are of unknown ori-
gin; 20% are attributed to a combination of heredity and
other factors; 7.5% to single gene mutations; 6% to chro-
mosome abnormalities; and 5% to maternal illnesses,
such as diabetes or infection, or use of anticonvulsant or
other drugs [5-7].
The prevalence rate of birth defects is increasingly used as
an indicator of exposure to teratogens of various kinds,
particularly pesticides but also pharmaceuticals [8].
Registries and surveillance systems are the only way to
obtain population-based data on birth defects, since birth
certificates have been shown to be inadequate [9]. We set
up a registry in 1999, covering part of the Region of Lom-
bardy, to monitor the annual prevalence rates of birth
defects. The aims of the present study are (a) to briefly
describe the structure of the system used to gather case
information and generate birth defect data emphasizing
features that ensure data quality, (b) to present a prelimi-
nary analysis of prevalence rates for selected birth defects
in children born in 1999 in the Provinces of Mantova,
Sondrio and Varese (Region of Lombardy); and (c) to
assess the quality of data produced by performing a com-
pleteness evaluation using birth certificates for compari-
son, and comparing rates with those published by long
established birth defect registries.
Methods
A birth defect is defined by the registry as a structural or
chromosomal anomaly present at birth and recognized
during the first year of life. The registry records all birth
defects in live births. However, the present analysis con-
cerns selected defects: those considered major by Rasmus-
sen et al [10] and the International Clearinghouse for
Birth Defects [11], except that limb deficiencies are not
considered, due to problems with diagnosis and coding in
our dataset.
Case definition
For inclusion in the registry
• The child must be born live
• The mother must be resident in Mantova, Sondrio or
Varese Province when the child is born.
• The defect must be on the ICD-9 list (International Clas-
sification of Diseases, Ninth Revision, 1979, WHO
Geneva)
• The defect must be diagnosed before the child's first
birthday
Case ascertainment
Population-based case ascertainment employs automated
registration from electronic mortality files, hospital dis-
charge files, and pathology files. Mortality files are pro-
vided by the local health authorities of the three
provinces. Hospital discharge files, provided by the health
department of the Region of Lombardy, contain records
from all hospitals in Italy. This is important as many con-
genital anomalies are diagnosed prenatally and the
women give birth at specialist hospitals outside the study
areas. Pathology reports are obtained from pathology
departments in the three provinces and from some out-
side. To ensure maximum completeness, information for
a given calendar year is collected up to December of the
succeeding year (data registration may occur in the year
following diagnosis).
The Birth Defect Registry uses the proven Open Registry
software [12-16] to generate cases. The steps in this proce-
dure are as follows:
• Electronic files are extracted from the source informa-
tion systems, standardized, and loaded into Open Registry
tables.
• Records pertaining to a single individual from various
sources are linked by proven linkage algorithms [17]
• Birth defect records are generated from the tables.Page 2 of 11
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sources to eliminate false positives and check diagnosis
accuracy.
Extraction and standardization of data
Open Registry loads the three data source files and in
addition loads a fourth electronic data file, the Social
Security List (SSL) of the Lombardy region. The SSL con-
tains the name, surname, date of birth, sex, residence code
and a unique social security number, of all persons living
in the Lombardy Region. Registry staff launch queries to
check that all the necessary data are available and have the
correct format (for example the program checks that the
ICD-9 disease code has four digits). Routines standardize
the data to a single format and pass them automatically to
an Oracle table. Once loaded into Oracle tables, auto-
matic checks for consistency are performed (e.g. number
of records is within expected range from a given hospital).
Open Registry routines then scan the records and select
those with disease codes indicating birth defects. Specifi-
cally, the software selects records with ICD-9 codes from
740 to 759 inclusive.
Data linkage
The next step is to link the records selected in the previous
step so as to generate a single record for each case. To facil-
itate this Open Registry makes use of the SSL with a
unique social security number for each case. The social
security number renders data linkage straightforward but
if it is missing or erroneous, other identifiers can be used.
Open Registry incorporates the proven Epilink record
linkage software [17] that employs a combined determin-
istic and statistical approach to linking records. The social
security number is transferred to every successfully linked
record. Because nearly all SSL records contain a residence
code, the linkage process also identifies (theoretically) all
residents in the Registry Provinces. Records not linked to
the SSL are checked manually by telephoning the Resi-
dence Office of the Municipality. The use of a file such as
the SSL is recommended by the Guidelines for Conduct-
ing Birth Defects Surveillance [18].
Case generation and verification
Following data linkage, Open Registry automatically gen-
erates a single personal data record for each case, together
with one or more linked birth defect records, each with
details of a single birth defect. A second birth defect record
will be present if a given case has second birth defect. The
disconnection between personal and clinical information
helps ensure privacy, and is required by Italian legislation.
Each birth defect record is then checked manually against
paper records from the hospitals that performed the diag-
nosis in order to eliminate false positives and correct any
discrepant birth defect code.
Finally, all cases are reviewed by a pediatrician specialized
in pathology and genetics, to ensure recognition of syn-
dromes in children with multiple anomalies.
Statistical methods
We used the capture-recapture technique [19] to estimate
the true number of birth defects in the Lombardy Birth
Defect Registry, using birth certificates as independent
source of cases compared to all other registry sources. The
estimated total number was the best estimate of total birth
defect prevalence. Confidence intervals were calculated
assuming Poisson distributions.
Ethical approval
The Lombardy birth defect registry project was approved
by the Ethical Committee of the National Cancer Insti-
tute. The project was then approved by the Privacy Guar-
antee Authority (Italian Authority protecting
confidentiality). Strict safeguards have been established to
prevent unauthorized use of records. The highest level of
confidentiality is maintained for all identifying informa-
tion.
Study areas
Mantova has an area of 2,339 sq km, population of
376,000 and birth rate 8.4/1,000; Sondrio has an area of
3,212 sq km, population 177,500 and birth rate 9.2/
1,000; Varese has an area of 1,198 sq km, population
821,000 and birth rate 9.2/1,000. The three Provinces
contain 15% of the total population of the Region of
Lombardy, whose birth rate is around 9.6/1,000 per year.
Results
Birth defects
A total of 246 congenital malformations were identified
among the 12,008 live births in 1999. Among boys there
were 148 malformations, giving a prevalence rate at birth
of 241.9/10,000, and among girls there were 98 birth
defects giving a birth prevalence rate of 166.4/10,000.
Prevalence rates at birth for selected congenital malforma-
tions are shown in Tables 1 and 2.
Congenital malformations of the central nervous system
One case of spina bifida with hydrocephalus (female) and
one without hydrocephalus (male) were registered with
associated prevalence rates at birth of 1.7/10,000 for
females and 1.6/10,000 for males. Reduction deformities
of brain were reported for four girls (6.8/10,000) and one
boy (1.6/10,000). Congenital hydrocephalus was
reported for 3 boys and 4 girls (4.9 and 6.8/10,000). No
cases of anencephalus or encephalocele were reported.
Congenital anomalies of eye, ear, face and neck
Five congenital anomalies of eye were recorded in girls
(8.5/10,000) and five in boys (8.2/10,000). The mostPage 3 of 11
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girls giving prevalences of 3.3 and 3.4/10,000 respec-
tively), and five congenital anomalies of eyelid/lachrymal
system (8.5/10,000, data not shown). One girl had con-
genital glaucoma (1.7/10,000). Congenital cataracts are
reported to account for 30% of congenital eye malforma-
tions in live babies, and have an estimated incidence of 1
to 10,000 births [20]. In boys, seven head and neck
defects were found, one being a branchial fistula (1.6/
10,000). In girls, three head and neck anomalies were reg-
istered, two of which were branchial fistulae (3.4/10,000)
(data not shown).
Congenital anomalies of the cardiovascular system
Congenital anomalies of the heart affected more infants
born in the study area than any other type of birth defect:
59 (49.1/10,000) in girls and 50 in boys (41.6/10,000).
The two most common types of heart malformations were
ventricular septal defect (VSD) and atrial septal defect
(ASD). There were 4 ASD cases (6.8/10,000) and 42 VSD
cases (71.3/10 000) in girls, and 9 ASD cases (14.7/
10,000) and 28 VSD cases (45.8/10,000) in boys.
Four cases of transposition of the great arteries were regis-
tered in girls (6.8/10,000) and four in boys (6.5/10,000).
Table 1: Prevalences at birth of selected defects in girls born the Provinces of Mantova, Sondrio and Varese, Region of Lombardy, 
1999
Birth defects Number of cases Birth prevalence/10,000 and 95%CI
Anencephaly 0 0 (0–6.3)
Spin bifida 1 1.7 (0–9.5)
Encephalocele 0 0 (0–6.3)
Microcephaly 1 1.7 (0–9.5)
Arhinencephaly/holoprosencephaly 4 6.8 (1.9–17.4)
Hydrocephaly 4 6.8 (1.9–17.4)
Buphtalmos 1 1.7 (0–9.5)
Congenital cataract 2 3.4 (0.4–12.3)
Anotia/microtia 1 1.7 (0–9.5)
Transposition of great vessels 4 6.8 (1.9–17.4)
Tetralogy of Fallot 2 3.4 (0.4–12.3)
Ventricular septal defect 42 71.3 (51.4–96.4)
Atrial septal defect 4 6.8 (1.9–17.4)
Endocardial cushion defects 3 5.1 (1.1–14.9)
Ebstein's anomaly 1 1.7 (0–9.5)
Hypoplastic left heart syndrome 0 0 (0–6.3)
Coarctation of aorta 3 5.1 (1.1–14.9)
Choanal atresia, bilateral 0 0 (0–6.3)
Cleft palate without cleft lip 1 1.7 (0–9.5)
Cleft lip with or without cleft palate 2 3.4 (0.4–12.3)
Oesophageal atresia/stenosis 4 6.8 (1.9–17.4)
Congenital hypertrophic pyloric stenosis 1 1.7 (0–9.5)
Small intestine atresia/stenosis 0 0 (0–6.3)
Anorectal atresia/stenosis 1 1.7 (0–9.5)
Hirschsprung's disease 1 1.7 (0–9.5)
Anomalies of intestinal fixation 0 0 (0–6.3)
Hypospadias
Indeterminate sex 0 0 (0–6.3)
Renal agenesis 1 1.7 (0–9.5)
Cystic kidney 3 5.1 (1.1–14.9)
Bladder exstrophy 0 0 (0–6.3)
Polydactyly and syndactyly 4 6.8 (1.9–17.4)
Total limb reduction defects Not analysed Not analysed
Diaphragmatic hernia 1 1.7 (0–9.5)
Omphalocele 0 0 (0–6.3)
Gastroschisis 0 0 (0–6.3)
Trisomy 13 0 0 (0–6.3)
Trisomy 18 0 0 (0–6.3)
Down syndrome 6 10.2 (3.7–22.2)
Prader Willi syndrome 0 0 (0–6.3)
Total 98 166.4Page 4 of 11
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Population Health Metrics 2007, 5:4 http://www.pophealthmetrics.com/content/5/1/4We found nine cases of aortal coarctation, six in boys (9.8/
10,000) and three in girls (5.1/10,000); two cases of
tetralogy of Fallot (3.4/10, 000) in girls and one (1.6/
10,000) in a boy; three female cases of endocardial cush-
ion defect (5.1/10,000) and only one case in boys (1.6/
10,000); and one female case of Ebstein's anomaly (1.7/
10,000).
Congenital anomalies of lip and palate
We found 13 cases of orofacial cleft, three in girls (5.1/
10,000) – one with cleft palate, one with cleft lip and one
with both anomalies – and 10 in boys – five with cleft pal-
ate (8.2/10,000), two with cleft lip (3.3/10,000) and three
with both (4.9/10, 000).
Congenital anomalies of the digestive system
Esophageal atresia and esophagotracheal fistula usually
occur together, but in about 10% of cases they occur sep-
arately. Four girls (6.8/10,000) had these defects: two had
atresia with fistula; one had atresia only and one – fistula
only. One boy (1.6/10,000) had esophageal atresia alone.
One girl (1.7/10,000) and 12 boys (19.6/10,000) had
hypertrophic stenosis of pylorus, a sex ratio consistent
with that in the literature [21].
Table 2: Prevalences at birth of selected defects in boys born in the Provinces of Mantova, Sondrio and Varese, Region of Lombardy, 
1999
Birth defect Number of cases Birth prevalence/10,000 and 95% CI
Anencephaly 0 0 (0–6)
Spina bifida 1 1.6 (0–9.1)
Encephalocele 0 0 (0–6)
Microcephaly 3 4.9 (1–14.3)
Arhinencephaly/Holoprosencephaly 1 1.6 (0–9.1)
Hydrocephaly 3 4.9 (1–14.3)
Buphtalmos 0 0 (0–6)
Congenital cataract 2 3.3 (0.4–11.8)
Anotia/microtia 1 1.6 (0–9.1)
Transposition of great vessels 4 6.5 (1.8–16.7)
Tetralogy of Fallot 1 1.6 (0–9.1)
Ventricular septal defect 28 45.6 (30.4–66.2)
Atrial septal defect 9 14.7 (6.7–27.9)
Endocardial cushion defects 1 1.6 (0–9.1)
Ebstein's anomaly 0 0 (0–6)
Hypoplastic left heart syndrome 1 1.6 (0–9.1)
Coarctation of aorta 6 9.8 (3.6–21.3)
Choanal atresia, bilateral 0 0 (0–6)
Cleft palate without cleft lip 5 8.2 (2.7–19.1)
Cleft lip with or without cleft palate 5 8.2 (2.7–19.1)
Oesophageal atresia/stenosis 1 1.6 (0–9.1)
Congenital hypertrophic pyloric stenosis 12 19.6 (10.1–34.3)
Small intestine atresia/stenosis 2 3.3 (0.4–11.8)
Anorectal atresia/stenosis 1 1.6 (0–9.1)
Hirschsprung's disease 3 4.9 (1–14.3)
Anomalies of intestinal fixation 2 3.3 (0.4–11.8)
Hypospadias 31 50.7 (34.4–71.9)
Indeterminate sex 0 0 (0–6)
Renal agenesis 3 4.9 (1–14.3)
Cystic kidney 3 4.9 (1–14.3)
Bladder exstrophy 0 0 (0–6)
Polydactyly and syndactyly 11 18 (9–32.2)
Total limb reduction defects Not analysed Not analysed
Diaphragmatic hernia 3 4.9 (1–14.3)
Omphalocele 0 0 (0–6)
Gastroschisis 0 0 (0–6)
Trisomy 13 0 0 (0–6)
Trisomy 18 0 0 (0–6)
Down syndrome 4 6.5 (1.8–16.7)
Prader Willi syndrome 1 1.6 (0–9.1)
Total 148 241.9Page 5 of 11
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Population Health Metrics 2007, 5:4 http://www.pophealthmetrics.com/content/5/1/4We found two boys with small intestine atresia (3.3/
10,000) and two with intestinal malrotation (3.3/
10,000), one of which associated with congenital duode-
nal stenosis.
One boy (1.6/10,000) and one girl (1.70/10,000) had
anal agenesis; in the latter rectovestibular fistula was asso-
ciated: she underwent surgical correction soon after birth.
Hirschsprung's disease was diagnosed in three boys (4.9/
10,000) and one girl (1.7/10, 000).
Congenital anomalies of the urogenital system
Hypospadias is the most common developmental anom-
aly of male urogenital organs. The mild forms (distal,
coronal, and glandular hypospadias) are common, while
only severe hypospadias (opening to penile shaft, scrotum
or perineum) are usually registered. We included both
severe and mild forms of hypospadias, a total of 31 cases
(50.7/10,000). One case of epispadia was found (data not
shown).
Three boys had renal agenesis, (4.9/10,000), one with a
family history of Potter's syndrome. Three boys had cystic
kidney disease (4.9/10,000). Among girls, one had renal
agenesis (1.7/10,000) and three had cystic kidney disease
(5.1/10,000).
Congenital anomalies of limbs and musculoskeletal system
Structural limb anomalies include dysplasias, reduction
defects, and duplication defects with supernumerary limb
elements. Most human limb defects appear to have a mul-
tifactorial etiology. Among boys, we had four cases of
polydactyly (one bilateral on hands, two monolateral on
hand, and one monolateral on foot) and seven of syndac-
tyly (overall birth prevalence 18/10,000).
Among girls we found three cases of polydactyly (5.1/
10,000) (one on hands bilaterally, one on monolateral
hand, one on foot bilaterally). One girl had left hallux
agenesis (1.7/10,000, data not shown) and another girl
had osteochondrodystrophy (1.7/10,000, data not
shown).
Congenital diaphragmatic hernia
In congenital diaphragmatic hernia one of the pericardi-
operitoneal canals fails to close so the developing abdom-
inal viscera to bulge into the pleural cavity. We had four
cases of this defect, three boys (4.9/10,000) and one girl
(1.7/10,000). One of the boys had associated lung hypo-
plasia and the girl had associated lung agenesis. Two of
the boys died soon after birth of severe pulmonary insuf-
ficiency.
Chromosomal anomalies
Four boys (6.5/10,000) and six girls (10.2/10,000) had
trisomy 21 or Down syndrome, the most commonly
reported congenital autosomal anomaly.
One boy had Prader Willi Syndrome (1.6/10,000) result-
ing from deletion of a region of human chromosome 15
(15q11-q13). This syndrome is diagnosed by DNA meth-
ylation analysis, fluorescence in situ hybridisation and
identification of DNA polymorphisms [22].
Table 3 compares the birth prevalence of the 40 selected
birth defects in the Lombardy area with those in Georgia
USA, Hawaii USA (as presented in Congenital Defects
Program) [23] and Finland [11] (as presented in the
Clearinghouse Birth Defects program). Table 4 summa-
rizes the working methods of the three birth defect regis-
tries in comparison to the Lombardy registry.
Completeness
The completeness analysis was conducted only on babies
born in Varese Province because birth certificates from the
other two areas were not available. We had 398 birth
defects from Varese, considering all malformations, not
only the selected ones for the analysis, but birth certifi-
cates identified only 25 defects, including 2 not contained
in the registry. Using the capture-recapture method we
estimated that there were 431 malformations in Varese
(Table 5) so that the sensitivity of our system was 92%.
The addition of the two birth certificate cases (a case of
cryptorchidism and one of unilateral choanal atresia) did
not change our prevalence data as these are not among the
selected malformations considered in this analysis.
Discussion
Use of birth certificates to check completeness added two
new cases to the Lombardy birth defects registry. The qual-
ity and the completeness of birth certificates is known to
vary considerably [24]. We found a large number of false
positives and also massive under-reporting, which shows
that birth certificates are not a reliable single source for
ascertaining congenital malformations [24]. However
their availability allowed us to perform a natural experi-
ment to assess our registration system and identify weak-
nesses in data collection [25].
We discuss our birth defects prevalence findings in rela-
tion to those from three other birth defect registries: Geor-
gia USA [23], Hawaii [23] and Finland [11]. There are
several reasons for this. All three are large (national or
state) long-established population-based national regis-
tries, with a history of quality scientific publications. They
also use differing data collection methods and cover geo-
graphically disparate areas.Page 6 of 11
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tal defects in our study area in 1999 was 204.9/10,000.
This compares with 223.9/10,000 for the birth defects reg-
istry of Georgia USA in 1995–1999 [23], 233.6/10,000 for
the registry of Hawaii [23] from 1995 to 1999, and 103.5/
10 000 for birth defects recorded in Finland in 1998 [11].
Cardiovascular system defects were by far the most com-
mon birth defects in our population. Prevalence rates for
these defects were grossly similar to rates published previ-
ously [23], except for ventricular septal defects (VSD), for
which we found particularly high overall rates (58.3/
10,000). The latter are nonetheless fairly comparable with
those reported by Florida (41.6/10,000), Georgia (35.6/
10,000) and Hawaii (43.4/10,000) [23]. The elevated
prevalence of VSD in our study areas is probably due to
over-diagnosis: routine use of echocardiography on virtu-
ally all newborn infants has resulted in the identification
of large numbers of small and clinically unimportant
VSDs. Subsequent echocardiography results in the inclu-
Table 3: Comparison of overall birth prevalences (per 10,000) of selected defects in Lombardy (1999), Finland (1998), Georgia and 
Hawaii (1995–1999).
Lombardy Finland* Georgia° Hawaii°
Number of live births 12 008 57 108 216 009 89 079
Defects
Total number 246 591 4836 1878
Total prevalence (/10,000) 204.9 103.5 223.9 233.6
Prevalence of individual defects (/10,000)
1 Anencephaly 0 0.2 4.2 3.8
2 Spin bifida 1.7 3.2 4.4 5.2
3 Encephalocele 0 0.3 2.2 2.6
4 Microcephaly 3.3 1.6 8.4 8.5
5 Arhinencephaly/holoprosencephaly 4.2 0.9 Not reported Not reported
6 Hydrocephaly 5.8 3.2 8.0 11.6
7 Buphtalmos 0.83 Not reported Not reported Not reported
8 Congenital cataract 3.3 Not reported 1.9 1.8
9 Anotia/microtia 1.7 4.7 1.4 3.6
10 Transposition of great vessels 6.7 4.0 5.4 5.5
11 Tetralogy of Fallot 2.5 3.3 4.5 3.1
12 Ventricular septal defect 58.3 Not reported 35.6 43.4
13 Atrial septal defect 11 Not reported 25.3 22.8
14 Endocardial cushion defect 3.3 Not reported 5.5 2.6
15 Ebstein's anomaly 0.8 Not reported 0.7 0.9
16 Hypoplastic left heart syndrome 0.8 4.7 3.2 1.5
17 Coarctation of aorta 7.5 8.2 5.6 2.5
18 Choanal atresia, bilateral 0 0.9 1.8 1.2
19 Cleft palate without cleft lip 5.0 16.3 6.5 7.9
20 Cleft lip with or without cleft palate 5.8 8.0 9.3 14.5
21 Oesophageal atresia/stenosis 4.2 3.3 2.0 1.9
22 Congenital hypertrophic pyloric stenosis 10.8 Not reported 13.9 7.4
23 Small intestine atresia/stenosis 1.7 0.7 Not reported Not reported
24 Anorectal atresia/stenosis 1.7 4.7 3.5 4.8
25 Hirschsprung's disease 3.3 Not reported 2.1 2.2
26 Anomalies of fixation 1.7 Not reported Not reported Not reported
27 Hypospadias 25.8 2.6 35.1 29.6
27 Epispadia Not analysed 0.35 With hypospadia With hypospadia
28 Indeterminate sex 0 0.3 Not reported Not reported
29 Renal agenesis 3.3 0.7 4.4 5.6
30 Cystic kidney 5.0 3.3 Not reported Not reported
31 Bladder exstrophy 0 0.2 0.1 0.6
32 Polydactyly and syndactyly 12.5 2.8 Not reported Not reported
33 Total limb reduction defects Not analysed 5.6 5.8 4.7
34 Diaphragmatic hernia 3.3 2.1 2.0 2.6
35 Omphalocele 0 2.1 2.3 3.5
36 Gastroschisis 0 1.7 1.6 4.4
37 Trisomy 13 0 0.9 1.6 2.6
38 Trisomy 18 0 1.9 2.7 6.5
39 Down syndrome 8.3 10.5 12.4 16.0
40 Prader Willi syndrome 0.8 Not reported Not reported Not reported
°Congenital Malformations Surveillance Report. A report from the National Birth Defects Prevention Network. Teratology 2002, 66 
Suppl 1:S1-219
*Surveillance and Research. http://www.icbd.orgPage 7 of 11
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neously). Progress in clinical management and more
frequent prenatal diagnosis have reduced neonatal mor-
tality, increasing the prevalence at birth of these defects,
while generally only severe congenital heart defects diag-
nosed in utero are aborted [26]. These findings indicate a
strong need to standardize both diagnostic and registra-
tion criteria for congenital heart malformations, as also
suggested by Hofmann [27].
We found rates of 6.7/10,000, 3.3/10,000 and 7.5/10,000
for transposition of great arteries, endocardial cushion
defects, and coarctation of aorta, respectively. These fig-
ures compare with lower birth prevalences for transposi-
tion of great arteries in Finland (4.0/10,000; endocardial
cushion defects not reported), and a higher rate for endo-
cardial cushion defect (5.5/10,000) but lower rates for
transposition of great arteries (5.4/10,000) and coarctac-
tion of aorta (5.6/10,000) in Georgia. In cases of complete
transposition, the aorta arises from the right ventricle and
the pulmonary artery arises from the left ventricle, and
there is an associated ventricular septal defect, which in all
eight of our registered cases was large. Botto et al. [28]
observed an increase birth prevalence of atrial and ven-
tricular defects from 1968 to 1995 in the population of
Atlanta but no change in the rate of grand artery transpo-
sitions.
We found low birth prevalence rates for tetralogy of Fallot
(2.5/10,000) and hypoplastic left heart syndrome (0.8/
10,000) compared with the corresponding figures of 3.3/
10,000 and 4.7/10,000 in Finland, 4.5/10,000 and 3.2/
10,000 in Georgia, and 3.1/10,000 and 1.5/10,000 in
Hawaii. Our rate of 2.5/10,000 is comparable with other
European prevalence rates of 2.56/10,000 and 2.45/
10,000 for Central-Eastern France and Sweden respec-
tively [29]. The study by Hoffman [27] reviewed 41 stud-
ies on cardiac malformation and found prevalence rates
for tetralogy of Fallot ranging from 2.91/10,000 to 5.77/
10,000, with a mean of 4.21/10,000.
The birth prevalence of hypospadias varies widely (2.0–
39.7/10,000) [30]. We found very high rates of hypospa-
dias in accord with data from Georgia (35.1/10,000) [23]
but in stark contrast to the low figure of 2.6/10,000 from
Finland [11].
The study by Pierik et al. [31] addressed the highly varia-
ble hypospadias rates in Holland, studying a cohort of all
newborn in Rotterdam over a two year period. They found
a high rate (38/10,000) which is comparable to ours. They
Table 4: Characteristics of the birth defect registries used for comparison with Lombardy birth defects registry
Characteristic Finland Georgia Hawaii Lombardy
Type of registry Population-based Population-based Population-based Population-based
Size (births/year) 58,000 50,019 20,636 12,008
Time for diagnosis Up to 1 y Up to 6 y Up to 1 y Up to 1 y
Compulsory Yes Yes Yes No
Defects in abortion/terminations considered? Yes Yes Yes Not yet
Case ascertainment Passive Active Active Passive
Sources:
Hospital reports Yes Yes Yes Yes
Pathology reports Yes Yes Yes Yes
Cytogenetic lab reports Yes Yes Yes Yes
Other registries National registers of abortions and births No No No
Hospital discharges Yes Yes Yes Yes
Death certificates Yes Yes Yes Yes
Birth certificates Yes Yes Yes Yes
Fetal death certificates No Yes Yes No
Table 5: Distribution of found and missed birth defects in the Lombardy Birth Defect Registry vs. birth certificates
Birth defects identified by Registry
Birth defects identified by birth 
certificates
Yes No Totals
Yes 23 2 25
No 375 31* 406
Totals 398 33 431*
* The number of cases missed by both sources (31) and the total number of birth defects (431) were estimated by the capture-recapture method.Page 8 of 11
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lence in Holland is due both to differences in case ascer-
tainment and real geographic variation.
The comparability of reported rates for hypospadias is
poor, however there may be an important underlying geo-
graphic variation which cannot be properly addressed
until ascertainment and diagnostic criteria (inclusion or
exclusion of minor cases) are standardized [30]. Hypospa-
dias could be related to exposure to antiandrogenic factors
that interfere with androgen activity [32]. There is also evi-
dence that increases in these birth defects are linked to
increased risk of testicular cancer, both of which may be
related to exposure to environmental substances having
estrogen-like effects [33]. Genetic factors may also predis-
pose to the development of hypospadias [34].
Our overall figure for Down syndrome was 8.3/10,000.
Other published population-based rates for this syn-
drome are higher [19] (12.4–22.2/10,000). Down syn-
drome can be diagnosed relatively easily prior to birth by
measuring alphafetoprotein, human chorionic gonado-
tropin and unconjugated estriol in fetal serum, detecting
a thickened nuchal fold on fetal ultrasound, and by
cytogenetic analysis. Thus, it is likely that many fetuses
with Down syndrome are aborted electively and that var-
iable abortion rates contribute to the variable prevalence
at birth rates. This conclusion is supported by data from
the Strasbourg birth defect registry, which reported the
low rate of 2.2/10,000 live births in 1998. This rate how-
ever became 19.7/10,000 when aborted fetuses were con-
sidered [11]. The number of Down syndrome fetuses has
increased as the mean age of pregnant women has
increased [35].
With regard to nervous system defects, the prevalence rate
for spina bifida in our population was lower (1.7/10,000)
than found in other registries (3.2–5.2/10,000). For
hydrocephalus the combined male-female rate was 5.8/
10,000 in our registry, and varied from 3.2 to 11.6 in the
other population-based registries [23]. The reasons for
these wide variations in rates for nervous system defects
are not known, but it is likely that variations in rates of
elective terminations contribute substantially. No cases of
anencephalus or encephalocele were found, probably in
relation to improved prenatal diagnosis and elective ter-
mination. Recent surveillance data on neural tube defects
show they are diagnosed prenatally in about 80% of cases
[36]. In the US, 20–30% of fetuses with neural tube are
terminated [37]. Folate intake also varies between popula-
tions, and lack of this nutrient is known to cause such
defects [38].
Facial clefts are a heterogeneous group of easy-to-recog-
nize non-fatal birth defects [39]. They are reported as the
most common congenital facial abnormalities, with prev-
alence at birth estimated at 10/10,000 [40] and in the
range 6–17 per 10,000 Caucasian births, 4/10,000 for
African-Americans and 17/10,000 for Japanese [41]. Our
population-based data for facial cleft (overall birth preva-
lence 10.8/10,000) are in line with these estimates but
considerably lower than those for Georgia, (15.8/10,000)
and Finland (24.3/10,000). We found that they were
about twice as common in boys than girls, which is con-
sistent with other published data [40]. Facial clefts are
considered to be etiologically heterogeneous. A small pro-
portion occur as a part of recognizable pattern of malfor-
mations or have a genetic etiology [42], while
epidemiologic data suggest that exogenous factors con-
tribute to these conditions. Maternal factors that have
been studied for their influence on cleft risk include
smoking, alcohol consumption, medication use, environ-
mental chemicals and nutritional factors, but none appear
to explain a significant proportion of the population bur-
den of these anomalies [43]. Geographic differences in
birth prevalence for these anomalies probably reflect dif-
ferences in maternal life style and exposure to environ-
mental causative factors.
The birth prevalence for esophageal atresia (4.2/10,000)
was similar in our study to that reported in Finland (3.3/
10,000), whereas that of small intestine atresia was higher
(1.7/10,000) in our population than in the Finnish (0.7/
10,000). Prevalence in Georgia, (1968 to 1989) has been
reported as 2.8/10,000 overall, but higher in black infants
(3.7/10,000) [44].
Hirschprung's disease is relatively easy to diagnose, so
higher birth prevalence in our population (3.3/10,000)
compared to Georgia's (2.1/10,000) and Hawaii's (2.2/
10,000) is probably due to genuinely higher birth preva-
lence of this defect in our population. Although this dis-
ease is inherited, environmental factors may be
responsible for sporadic cases [45].
The birth prevalences of unilateral and bilateral renal
agenesis have been reported at 10/10,000 and 2.5/10,000
respectively [46]. At the same time, a study on the epide-
miology of kidney malformations reported marked varia-
tions in the birth prevalence of renal agenesis (0.6–29 per
10,000), which is considered to be mainly due to varia-
tions in the diagnostic procedures used [47]. Our overall
figure (3.3/10, 000) was somewhat lower than the one for
Georgia (4.4/10,000), while Finland reports a very low
birth prevalence of this condition (0.7/10,000) in relation
to a high rate of terminations of pregnancies with it: the
rate for these defects increases to 2.43/10,000 when termi-
nations are considered. We had no cases of bladder exstro-
phy; birth prevalences of this condition were also low in
Finland (0.2/10,000) and Georgia (0.1/10,000).Page 9 of 11
(page number not for citation purposes)
Population Health Metrics 2007, 5:4 http://www.pophealthmetrics.com/content/5/1/4Conclusion
Our study, limited to selected major birth defects, is the
first to provide population-based data on the prevalence
rates at birth of congenital anomalies in defined popula-
tions in north-western Italy.
The methods used for data collection and case generation
are proven to be ones that incorporate ample quality
checks. Comparison with an independent source (birth
certificates) suggests good completeness and quality.
However in order to obtain a dataset that is as complete as
possible, we plan to start using birth certificates as an
additional data source. We expect to begin registering
defects in elective terminations in the near future, as many
defects are now identified prenatally and the exclusion of
aborted cases complicates the identification of environ-
mental factors in the etiology of these conditions [48]. As
many malformations are compatible with life, particularly
with modern treatments and surgical correction, they are
not detected by vital registration systems. Mortality data
cannot provide reliable indications of birth prevalence of
live birth malformations and thus, registries of such mal-
formations are important.
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